SYNOPSIS Sodium, potassium, water, and the mean corpuscular haemoglobin concentration were determined in the packed erythrocytes of children with severe thalassaemia. The concentration of sodium in the packed red cells was higher than normal in a significant proportion of children with thalassaemia whereas potassium in the packed cells and sodium and potassium in the plasma were normal.
Previous work has shown that the packed erythrocytes in many anaemias contained abnormal amounts of water and cations, chiefly potassium. The concentration of potassium in the packed cells was increased in microcytic anaemias, paralleling an increase in cell water (Maizels, 1936; McCance and Widdowson, 1956) . In macrocytic anaemias the small increase in potassium reported by Maizels (1936) and Iyer (1958) was not confirmed by Bertcher and Meyer (1952) and was not always accompanied by a rise in the cell water.
The packed erythrocytes in spherocytic anaemias, congenital (Maizels, 1936; Selwyn and Dacie, 1954) or acquired (Selwyn and Dacie, 1954) , have been shown to contain less potassium and less water than do normal cells.
In congenital, non-spherocytic haemolytic anaemia the concentration of potassium and the water content of the packed red cells were high in the cases with marked macrocytosis and reticulocytosis (type I) and normal in the cases with only occasional macrocytes and ovalocytes (type II) (Selwyn and Dacie, 1954) . These deviations from normal in type II have been attributed to a high proportion of reticulocytes which are known to contain more potassium and more water than do mature erythrocytes (Granick, 1949; Keitel, Berman, Jones, and MacLachlan, 1955; Ponder, 1948) .
In all these anaemias the concentration of sodium in the packed erythrocytes was normal.
The red cell potassium content was slightly low in sickle cell anaemia. During sickling the cells lost potassium and gained sodium without appreciable change in the total cation concentration or the water content (Tosteson, 1955; Tosteson, Carlsen, and Dunham, 1955; Tosteson, Shea, and Darling, 1952) .
Experimental post-haemorrhagic anaemia in the dog and the rabbit resulted in a rise of the concentration of potassium and, sometimes, that of magnesium in the packed erythrocytes. A greater rise of these cations was observed in the haemolytic anaemia following the administration of phenylhydrazine and was thought to reflect the high proportion of reticulocytes in both these anaemias (Henriques and 0rskov, 1939) .
No abnormality was found in the concentrations of sodium and potassium or the water content of the erythrocytes in the anaemia of myelosclerosis (Maizels, 1936) .
In one patient with thalassaemia, Selwyn (1953) In 15 of the anaemic and 18 of the normal children investigated the trapped plasma was estimated at the same time as the cell sodium. In these cases the samples of packed erythrocytes to be used for cell sodium estimations were obtained after centrifuging whole blood at 1,500 g (3,000 r.p.m. for 30 min., radius 15 cm.) in Wintrobe haematocrit tubes. This was done in order to produce exactly the same conditions for both cell sodium and trapped plasma estimations. The results obtained by this method for cell sodium were almost identical with those obtained by the method of Selwyn and Dacie (1954) . In these cases cell sodium was corrected using each child's own value for trapped plasma. In the remaining patients of the present study, in whom the amount of trapped plasma had not been measured, corrections were made using our calibration curves.
The accuracy of the estimations of sodium and potassium was tested by treating standard solutions of these cations at the same time and in exactly the same way as the samples of plasma, whole blood, or packed red cells. Recoveries were 99-8 to 106 % (mean 102-7 %) for sodium and 96-8 to 106% (mean 102 6 %) for potassium. When standard solutions were added to samples of plasma, whole blood, or packed cells, recoveries were 96 to 109 % (mean 102 %) for sodium and 98 to 104 % (mean 101 %) for potassium.
Cell water was measured by drying to constant weight at 1000 to 105°C. weighed samples of packed cells prepared as for cell sodium determinations. Haemoglobin in whole blood was estimated according to the Sanford, Sheard, and Osterberg oxyhaemoglobin method (Kolmer, Spaulding, and Robinson, 1951) and the proportion of alkali-resistant haemoglobin according to the method of Singer, Chemoff, and Singer (1951) .
Haematocrit readings were recorded after centrifuging at 3,000 r.p.m. for 30 min. (radius 15 cm.) in Wintrobe tubes.
Whenever possible estimations were made in duplicate.
RESULTS
The normal concentrations of sodium and potassium in the packed erythrocytes were, on the average, close to those found by Maizels (1936) , McCance and Widdowson (1956) and Selwyn and Dacie (1954) in normal adults (Table I) . Erythrocytes in infants up to 2 years of age have been shown to contain more sodium but no more potassium than that accepted as normal for adults (Overman, Etteldorf, Bass, and Horn, 1951) , although they were of adult composition during the first few hours after birth (McCance and Widdowson, 1956; Overman et al., 1951) . In the present series of normal children the concentration of sodium in the packed erythrocytes was about Sodium, potassiuim, water, and haemoglobin in the packed red cells of severe thalassaemia the same in both the babies aged 2 to 24 the older children but that of potassium a little higher in the infant age group Table I shows that the concentratioi in the packed red cells was, on the ave in the children with thalassaemia. In sj degree of overlapping, the mean conc sodium was already appreciably highei obtained values were corrected for trz cellular plasma, but the difference t anaemic and the normal subjects, exp percentage, was even greater after corn difference between the means of the twc found to be statistically significant both before and after correction (see Appendix).
As demonstrated in Table II, in 13 out of 38  children with severe thalassaemia (Cases 2, 3, 5, 6, 10, 13, 24, 27, 28, 29, 30, 31 , and 32) the sodium concentration in the packed red cells exceeded the highest concentration observed in the normal * children. In eight of these anaemic children (Cases 3, 5, 24, 28, 29, 30, 31, and 32) (Table II) . In three of these rage, higher children (Cases 1, 7, and 14) the concentration was pite of some pretty constant. In Case 14 the second estimation entration of was performed a few days after splenectomy but the r before the concentration of sodium remained unchanged in apped inter-spite of an approximately twofold increase in whole between the blood haemoglobin and the haematocrit reading. )ressed as a In the remaining children with thalassaemia who rection. The were examined twice, the cell sodium varied but it ) groups was should be pointed out that re-examination generally The mean concentration of potassium in the packed erythrocytes of the children with severe thalassaemia was about the same as that of the normal children and so were the concentrations of sodium and potassium in the plasma (Table I, see  Appendix) . In some of the normal and some of the anaemic subjects the concentration of potassium in the packed erythrocytes was high.
The mean corpuscular concentration of haemoglobin in the normal children (Table III) was, on the average, very close to that reported by other investigators (Wintrobe, 1956 ) but nine children had values of 38% or over. This finding, together with the high concentration of cell total base observed in some of the cases, will be discussed later. In the children with severe thalassaemia the mean corpuscular haemoglobin concentration was, on the average, only very slightly lower than normal (Table III) . In most of them it was normal or slightly reduced, the reduction being considerable in only five cases. On the contrary, anaemic red cells sometimes contained a concentration of haemoglobin which exceeded the highest value obtained from the normal children.
That the mean corpuscular haemoglobin concentration was, on the average, only slightly reduced in the children with thalassaemia is confirmed by the fact that there was an equally slight increase in the mean cell water of these children. This was 62-7% w/w in the normal children and 64-9 % w/w in thalassaemia. If the specific gravity of the solids is 1-3 (a likely figure) , their volume must have been 28-7 ml. 100 and 27-0 ml. and cell water 62-7 x = 62 7+28 7 100 68-6% w/v and 64-9 x 0 = 706% w/v 64r9±27 0 respectively. The anaemic children are probably a little low (Maizels, 1936; McCance and Widdowson, 1956; Selwyn and Dacie, 1954) but it is obvious that the difference between the two groups is small. (Bertcher and Meyer, 1952; Henriques and 0rskov, 1939; Maizels, 1936; McCance and Widdowson, 1956; Selwyn and Dacie, 1954, Tosteson et al., 1952) . The erythrocytes analyzed consisted of a mixture of packed cells and trapped intercellular plasma. Since so much more sodium is contained in the plasma than in the packed cells, it was necessary to correct the sodium values obtained for trapped plasma, for it could be suggested that the higher concentration of sodium in thalassaemia had resulted from a greater amount of plasma trapped between the centrifuged red cells of this anaemia. The investigation of 23 of the children with severe thalassaemia in the present series revealed a somewhat greater amount of plasma remaining with the erythrocytes after centrifugation (Table 1) , but this was not sufficient to account for the increased concentration of sodium which was found in their packed cells. The sodium concentrations, therefore, remained higher than normal even after correction for trapped plasma.
Because of the wide spread in the concentrations of sodium in the packed cells of the children with thalassaemia, the question was raised whether cell sodium was related to the severity of the anaemia. Although higher concentrations tended to be found in patients who appeared to be severely ill, there was no correlation between the sodium concentration and the degree of the anaemia (Figs. 2 and 3 ). (Table II) had a relatively high haematocrit reading and haemoglobin concentration, the result of recent blood transfusions. These children were severely anaemic and had, therefore, been transfused with large quantities of blood before they were examined. (Maizels, 1936; McCance and Widdowson, 1956 In these terms the mean cell sodium in thalassaemia was higher than that of normal children, higher than that of other anaemias, but comparable with that of the foetus and the severely malnourished pig (McCance and Widdowson, 1956 ). This similarity between thalassaemic red cells on the one hand and those from the foetus and malnourished pigs on the other is interesting, because both thalassaemic and foetal erythrocytes contain a large proportion of alkali-resistant (foetal ?) haemoglobin and malnutrition is known to be a common symptom of severe thalassaemia.
The potassium concentration in the packed erythrocytes was approximately the same in both the normal and the thalassaemic children. This again differentiates thalassaemia from other types of anaemia in which it was the potassium not the sodium concentration which was abnormal (Henriques and 0rskov, 1939; Maizels, 1936; McCance and Widdowson, 1956; Selwyn and Dacie, 1954; Tosteson et al., 1952) .
As already mentioned, in some of the normal and some of the anaemic children of the present study the concentration of total base in the packed erthrocytes was high. Several figures for the mean corpuscular haemoglobin concentration were also high, whereas the average cell water in normal children was a little lower than that reported by other workers (Maizels, 1936; McCance and Widdowson, 1956; Selwyn and Dacie, 1954 Lioe, and Oei Oen Bie, 1959; Marmont and Bianchi, 1947; Minnich, Supa Na-Nakorn, Soodsarkon Chongchareonsuk, and Su-Ed Kochaseni, 1954; Sturgeon and Finch, 1957; Wintrobe, 1956) but it has already been demonstrated that it may be relatively normal (Lehmann, 1959; Lie-Injo Luan Eng et al., 1959; Mathoth, Shamir, and Freundlich, 1955) . This controversy may be due to differences in the morphology of the erythrocytes in the subjects studied by each group of investigators and similar differences may partly explain the wide spread in the values obtained from the present series.
More puzzling is the fact that the mean corpuscular haemoglobin concentration was higher than normal in a number of our cases. With the exception of spherocytes and ovalocytes, which have occasionally been shown to contain concentrations of haemoglobin which were slightly raised (Maizels, 1936; Selwyn and Dacie, 1954; Wintrobe, 1956 ), red cells with abnormal concentrations of haemoglobin are 'hypochromic' not 'hyperchromic'. The reason for this occasional hyperchromia of thalassaemic erthrocytes is obscure. In spherocytes the higher haemoglobin concentration was accompanied by a lower cell water content and it is conceivable that this may be true of some cases with severe thalassaemia.
